Elucidating the biochemical overwintering adaptations of Larval Cucujus clavipes puniceus, a nonmodel organism, via high throughput proteomics.
Cucujus clavipes puniceus (C.c.p.) is a nonmodel, freeze-avoiding beetle that overwinters as extremely cold-tolerant larvae in the interior boreal forests of Alaska to temperatures as low as -100 °C. Using a tandem MS-based approach, we compared the proteomes of winter- and summer-collected C.c.p. to identify proteins that may play functional roles in successful overwintering. Using Gene Ontology (GO) analysis and manual interpretation, we identified 104 proteins in winter and 128 proteins in summer samples. We found evidence to indicate a cytoskeletal rearrangement between seasons, with Winter NDSC possessing unique actin and myosin isoforms while summer larvae up-regulated α actinin, tubulin, and tropomyosin. We also detected a fortification of the cuticle in winter via unique cuticle proteins, specifically larval/pupal rigid cuticle protein 66 precursor and larval cuticle protein A2B. Also, of particular interest in the winter larvae was an up-regulation of proteins related to silencing of genes (bromodomain adjacent to zinc finger domain 2A and antisilencing protein 1), proteins involved with metabolism of amines (2-isopropylmalate synthase and dihydrofolate reductase), and immune system process (lysozyme C precursor), among others. This represents the first high throughput MS/MS analysis of a nonmodel, cold-tolerant organism without a concurrent microarray analysis.